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Is type soundness all-or-nothing?

How does type soundness affect performance?
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Begin with a un(i)typed language
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Design an idiomatic type system
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Result: a mixed-typed language
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Result: a mixed-typed language

( 4) λ(x)-xNat⇒Nat
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(the research landscape)

migratory typing

gradual typing

optional typing

concrete typing

...
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Language A programs seem faster than
Language B programs
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Let's put the theory and practice on

firm scientific ground.
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One mixed-typed language ... 
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One mixed-typed language ... three semantics

�� higher-order

�� first-order

�� erasure
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supports direct comparisons

of the meta-theory
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=>model  implementation
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=>model  implementation
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able to systematically

compare running times
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τ = Nat | Int | τ× τ | τ⇒τ
Nat <: Int

v = n | i | �v,v� | λ(x)e

n ⊂ i

e = .... | dyn τ e | stat τ e

⊢ e

⊢ dyn τ e : τ

⊢ e : τ

⊢ stat τ e

⊢ e : τ ⊢ e



Γ = 
fib  : Nat ⇒ Nat

norm : Nat × Nat ⇒ Nat

map  : (Nat ⇒ Nat) ⇒ Nat × Nat ⇒ Nat × Nat

Γ ⊢ fib  (dyn Nat -1) : Nat

Γ ⊢ norm (dyn Nat × Nat �-1,-2�) : Nat

Γ ⊢ map  (dyn (Nat ⇒ Nat) (λ(x)-x)) y : Nat × Nat



Γ = 
fib  : Nat ⇒ Nat

norm : Nat × Nat ⇒ Nat

map  : (Nat ⇒ Nat) ⇒ Nat × Nat ⇒ Nat × Nat

Γ ⊢ fib  (dyn Nat -1) : Nat

Γ ⊢ norm (dyn Nat × Nat �-1,-2�) : Nat

Γ ⊢ map  (dyn (Nat ⇒ Nat) (λ(x)-x)) y : Nat × Nat



Γ = 
fib  : Nat ⇒ Nat

norm : Nat × Nat ⇒ Nat

map  : (Nat ⇒ Nat) ⇒ Nat × Nat ⇒ Nat × Nat

Γ ⊢ fib  (dyn Nat -1) : Nat

Γ ⊢ norm (dyn Nat × Nat �-1,-2�) : Nat

Γ ⊢ map  (dyn (Nat ⇒ Nat) (λ(x)-x)) y : Nat × Nat



Γ = 
fib  : Nat ⇒ Nat

norm : Nat × Nat ⇒ Nat

map  : (Nat ⇒ Nat) ⇒ Nat × Nat ⇒ Nat × Nat

Γ ⊢ fib  (dyn Nat -1) : Nat

Γ ⊢ norm (dyn Nat × Nat �-1,-2�) : Nat

Γ ⊢ map  (dyn (Nat ⇒ Nat) (λ(x)-x)) y : Nat × Nat



Γ = 
fib  : Nat ⇒ Nat

norm : Nat × Nat ⇒ Nat

map  : (Nat ⇒ Nat) ⇒ Nat × Nat ⇒ Nat × Nat

Γ ⊢ fib  (dyn Nat -1) : Nat

Γ ⊢ norm (dyn Nat × Nat �-1,-2�) : Nat

Γ ⊢ map  (dyn (Nat ⇒ Nat) (λ(x)-x)) y : Nat × Nat



Γ = 
fib  : Nat ⇒ Nat

norm : Nat × Nat ⇒ Nat

map  : (Nat ⇒ Nat) ⇒ Nat × Nat ⇒ Nat × Nat

Γ ⊢ fib  (dyn Nat -1) : Nat

Γ ⊢ norm (dyn Nat × Nat �-1,-2�) : Nat

Γ ⊢ map  (dyn (Nat ⇒ Nat) (λ(x)-x)) y : Nat × Nat



Γ = 
fib  : Nat ⇒ Nat

norm : Nat × Nat ⇒ Nat

map  : (Nat ⇒ Nat) ⇒ Nat × Nat ⇒ Nat × Nat

Γ ⊢ fib  (dyn Nat -1) : Nat

Γ ⊢ norm (dyn Nat × Nat �-1,-2�) : Nat

Γ ⊢ map  (dyn (Nat ⇒ Nat) (λ(x)-x)) y : Nat × Nat



fib -1
Nat

norm �-1,-2�
Nat×Nat

map y λ(x)-x
Nat⇒Nat
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higher-order  (enforce full types)

��
map y λ(x)-x

Nat⇒Nat

1 (λ(x)-x)
Nat

-1Nat
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�� norm
�-1,-2�

�-1,-2�
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snd
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depends on the
expected type
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first-order  (enforce type constructors)

�� norm
�-1,-2�

�-1,-2�
Nat×Nat

snd
�-1,-2�

Int silent failure!



(the systems landscape)

��

��

��

TPD

Pycket

Gradualtalk

Typed Racket



(the systems landscape)

��

��

��

TPD

Pycket

Gradualtalk

Typed Racket

Reticulated



(the systems landscape)

��

��

��

TPD

Pycket

Gradualtalk

Typed Racket

Reticulated

Pallene

Grace



(the systems landscape)

��

��

��

TPD

Pycket

Gradualtalk

Typed Racket

Reticulated

Pallene

Grace



fib -1
Nat

norm �-1,-2�
Nat×Nat

map y λ(x)-x
Nat⇒Nat

erasure  (ignore types)

��



erasure  (ignore types)

��
fib -1 -1

Nat



erasure  (ignore types)

��
fib -1 -1

Nat

error?

diverges?

0

???
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  - if e ��  Error
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Theorem (⊇):
  - if e �� Error

    then e �� Error

  - if e ��  Error

    then e �� Error

Counterexamples (⊋):
- see prev. slide



��������������������������
��� ����

�� ����⊃ ⊃



��������������������������
��� ����

�� ����⊃ ⊃�� ��

Appendix: two other semantics
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�� Soundness:

 if ⊢e:τ then either:

 - e ->* v and ⊢v:τ
 - e diverges

 - e ->* Error

�� Soundness:

 if ⊢e:τ then either:

 - e ->* v and ⊢v:C(τ)
 - e diverges

 - e ->* Error

��  Soundness:

 if ⊢e:τ then either:

 - e ->* v and ⊢v
 - e diverges

 - e ->* Error
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Is type soundness all-or-nothing?

No! (in a mixed-typed language)
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expand

typecheck

enforce t

optimize

expand

typecheck

enforce K(t)

expand

typecheck

erase t

Optimize?



��������������������������������

- 10 benchmark programs

- 2 to 10 modules each

- 4 to 1024 configurations each

- compare overhead to untyped

docs.racket-lang.org/gtp-benchmarks
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Overhead vs.
Untyped

Num. Type Annotations

�� higher-order

�� first-order

�� erasure
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�� add types to remove all
critical boundaries

�� add types sparingly

�� add types anywhere,
doesn't matter
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